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The LCA study comprises The LCA study was

_ , Where available, the LCA
considering waste, product

and plastic quality
perspectives
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Jaste perspective: Comparison of pyrolysis and incineration
of mixed plastic wasie

Product perspective: Comparison of plastics based on pyrolysis ol
and conventional plastics from primary fossil resources (naphtha)

Plastics quality perspective: Comparison of the life cycle of 1t of
virgin plastics with three end-of-life options

“...the LCA study followed the guidance of and is consistent with
the international standards for Life Cycle Assessment (I1SO
14040:2006 and 1SO 14044:2006).”

Upon request the review statement is available from the study
commissioner

Dr. Christian Kriiger

Commissioner / LCA practitioner

Manfred Russ

Critical Review Panel

Prof. Adisa Azapagic

Dr. Florian Antony
Oko-Institut eV.

nstitet fiir angewandie Okologie
nstitute for Applied Ecology

Simon Hann
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Pyrolysis of mixed plastic waste emits 50 percent less
CO, than incineration of mixed plastic waste

CO, emissions are saved when manufacturing plastics
based on pyrolysis oil (as secondary raw material under
a mass balance approach) instead of naphtha (primary
fossil raw material). The lower emissions result from
avoiding the incineration of mixed plastic waste

Manufacturing of plastics via either chemical recycling
(pyrolysis) or mechanical recycling of mixed plastic
waste results in comparable CO, emissions. It was
taken into account that the quality of chemically
recycled products is similar to that of virgin material and
that usually less input material is sorted out than with
mechanical recycling







11 mixed plastic waste from packaging (German yellow bag)

Pyrolysis incl. pretreatment and purification
Incineration (MSWI, RDF)*

Pyrolysis: Efficient production of oil as feedstock for the
chemical industry (material yield: 70%, almost no need of
external energy due {o internal energy recovery)

Incineration: Generated electricity and steam substitutes
electricity from national grid and steam from national average
(light fuel oil and natural gas)
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CO, emissions [kg CO.e/t waste]

4000
BOOO
@ Pyrolysis of mixed plastic waste emits
50 percent less CO, than incineration of 21300 s DR EEE—
mixed plastic waste Total
(1o — e ——
W Specifically, the study found that pyrolysis emits
1 ton less CO, than incineration per 1 ton of (0 o L e g e
mixed plastic waste
I L —
Material / energy substitution
-2000

Pyrolysis incineration
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CO, emissions [kg CO.e/t waste]

4000
, ﬂ 3000 g —
Pyrolysis emits less direct emissions than incineration
(light green bars) 2100t B | e
e : : Total
@ f all CO, emissions and savings are taken into
account, both alternatives receive credits (UGN N Eaaaa
(dark green bars): 0
»  Pyrolysis: CO, savings credited as pyrolysis oil is
replacing fossil feedstock in chemical production T 0|t B —
» Incineration: CO, savings credited the energy Material/energy substitution
. ) . -2000
generated by incineration which replaces the ) N )
average energy sourced from the national grid Pyrolysis Incineration
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Oil from pyrolysis of mixed plastic waste
(German yellow bag)

Naphtha from crude ol

Production of ethylene in steam cracker and
polymerization to LDPE (low-density polyethylene)

Chemically recycled: LDPE (from pyrolysis oil)

Conventional: LDPE virgin (from naphtha)
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CO, emissions kg CO.e/t plastic]

4000
3000
w CO, emissions are saved when manufacturing 2000
plastics based on pyrolysis oil under a mass B
balance approach instead of naphtha. The lower 1000
emissions result from avoiding the incineration of 0
mixed plastic waste Total
-1000
i In particular, the study could show this for the 2000

production of a reference plastic (LDPE):

1 ton of LDPE produced from pyrolysis oil under -3000
a mass balance approach, emits 2.3 t less 4000
CO, than 1 ton LDPE produced from
fossil naphtha

incl. energy substitution

Chemically recycled plastic” Fossil plastic™
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CO, emissions kg CO.e/t plastic]

4000
3000
@ Direct emissions of chemically recycled plastics are 2000
higher than for virgin plastics due to the extremely 1000
efficient fossil naphtha supply chains (light green bars)
{:}
: . Total
@  However, CO, savings that originate from not 1000
incinerating the plastic waste can be credited to the R
chemically recycled plastic (dark green bars) -2000
-3000 : s
# In total, a net overall advantage of chemically recycled 4000 Incl. energy substitution

plastic compared to fossil Chemically recycled plastic” Fossil plastic™
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Virgin plastics production based on oil & gas
turned into mixed plastic wasle

(incl. pretreatment, purification and incineration of sorting
losses) + chemical processes; applying mass balance approach

Mechanical recycling (incl. pretreatment, extrusion and sorting losses)
incineration (MSWI, RDF)*

Pyrolysis produces high-performance virgin-like plastics
Mechanical recycling produces non-virgin-grade plastics™

Incineration: Generated electricity and steam substifutes
electricity and steam from national grid/average
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O, emissions (kg CO,e/t product]

4000
Manufacturing of plastics via either chemical 3000 e B
recycling (pyrolysis) or mechanical recycling of
mixed plastic waste result in similar CO, 210 0 ¢ D A WU  —
emissions
it was taken into account that the quality of
chemically recycled products is similar to that 000 et ot i
of virgin material and that usually less input
material is sorted out than in mechanical
recycling (] o I e B e A e
Pyrolysis Mechanical incineration
recycling”
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O, emissions (kg CO,e/t product]

4000
. . . L il H L
Manufacturing of products with chemically recycled
feedstock and with mechanically recycled feedstock emits
significantly less CO, than virgin fossil products that are 2000 — e L B

incinerated

To consider the different product qualities for chemical and

mechanical recycling the Circular Footprint Formula was 1000 -~
applied: With chemical recycling original product quality

(quality factor = 1) can be achieved. Mechanical recycling

of mixed plastic waste results in non-virgin-grade quality; 0 -
according to economic considerations a quality factor of

0.5 is used

Pyrolysis Mechanical incineration
recycling™

For pyrolysis the yield is 70%, the material losses for
mechanical recycling are up to 55%*
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